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""""" Ultra wideband- confrnication systenis- and- dévices befietit “froni the ethendbus! H RD PARTY
ULTRA W DEBAND DEVI CES TO ESTABLI SH GEO- POSI TI ONAL DATA
_____ potential for_geo-positional accuracy of ultra wideband technology. As a separate issue, the
FCC has recently required all existing cellular technology providers to employ some means of
geographically locating all cellular phones for emergency purposes. This initiative has been
termed “e911” and will be a requirement of future cellular technologies. Thus, it is
foreseeable that the same demands will be placed on future ultra wideband devices.
Conventionally, ultra wideband geo-positional information may be obtained by
. triangulating signals from three separate ultra wideband transmission towers whose fixed
position is known. However, it is foreseeable that a mobile ultra wideband device may not
always be within range of three fixed transmission towers. In such a situation, the ulira
wideband device’s geo-location (i.e., geo-position) may not be determined through the
conventional methods.
Thus, it may be appreciated that a geo-location method that takes advantage of other
mobile ultra wideband devices of known location to derive the position of the ultra wideband

device that is in need of location has a better chance of success in these circumstances.

Summary of the Invention

According to one aspect, a method is provided for determining a location of a wireless

~device in a wireless communication system. In general, an initial request is transmitted to
wireless devices having known locations for positioning information so that a location can be
determined for a first wireless device having an undetermined location. Those wireless devices
with known iocations that receive the initial request in turn transmit positioning information
to the first wireless device. If positioning information from less than a sufficient number of
wireless devices with known location is received by the first mobile wireless device, an

additional request is then transmitted for responses from other responding wireless devices.




Field of the Invention The present invention rel ates gengﬁgrlelzyo()?o W rel ess
communi cation systens and, nore particularly, to accurate geo-location of
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transmtted for responses fr ot her respondi.ng wire] ess devices. 9 June
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devi CES/ida¥itehdwAQ¥tiodsocat i ons are recei ved, comunication then occurs

wth at |east a portion of the other wireless devices to obtain
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first wrelessedevice
request to wireless devices having known locations for positioning information for determining
a location of a first wireless device having an undetermined location, wherein wireless devices
having known locations that receive the initial request transmit positioning information to the
first wireless device; if positioning information from less than a sufficient number of wireless
devices of known location is received by the first mobile wireless device, logic for transmitting
an additional request for responses from other wireless devices having known locations; logic
for receiving responses to the request from one or more of these other wireless devices; logic for
communicating with at least a portion of these other wireless devices to obtain information
relating to the distance between the first wireless device and the at least a portion of these other
wireless devices; and logic for estimating a location of the first wireless device using the
information obtained from the at least a portion of the other wireless devices and the positioning

information received from the less than sufficient number of wireless devices having known

locations.




using the information obtained fromthe at |east a portign,af2dgse ot her
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additional request may also be re-transmitted at a higher power level if an insufficient

number of responses are received in response to the previous transmissions of the additional
request. In yet another embodiment of the present invention, the obtained information relating to
the distance between the first wireless device and the portion of the responding other wireless
devices may include a calculated distance between the first wireless device and the portion of
the responding other wireless devices, and a scaling factor.

In one embodiment of the present invention, the estimated location may be stored in a
memory of the first wireless device. In a further embodiment of the present invention, the
obtained information may also be utilized to update an internal clock of the first wireless

device.




information for determning a |ocation of a first wrel lhse having an
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| FIG. 5 is a flowchart of a process for triangulation and storage of the geo-positional

information based on three fixed position devices in accordance with an embodiment of the
present invention;
FIG. 6 is a flowchart of a process for determining and storing a geographic location of a
25  mobile wireless device in a wireless communication system in accordance with an embodiment
of the present invention;
FIG. 7 is a flowchart processing replies from other wireless devices and testing for data
quantity and quality criteria in accordance with an embodiment of the present invention;
FIG. 8 is a flowchart of a process for performing a ranging dialogue to determine a
30 requesting wireless device’s distance from other replying wireless devices in accordance with
| an embodiment of the present invention;
FIG. 9 is a flowchart of a process for time correction in a requesting wireless device in

accordance with an embodiment of the present invention; and




W rel ess device may be determned utilizing just the inforggt4ma obtained
fromthe wireless devices with known |ocations. In yet another enbodi nent
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‘ having an undetermined/unknown geographic location to fixed position wireless devices

having known geographic locations (e.g., such as base stations and/or transmission towers) for

20 - positioning information for determining a geographic location of the first mobile wireless

device. Those fixed position wireless devices with known geographic locations that receive the

initial request (i.e., in the communication range of the first mobile wireless device) transmit, in

response, positioning information to the first mobile wireless device with the undetermined

geographic location (Note: for purposes of this portions of the description, communication

25  range may be defined as a region inside which wireless communication with the first mobile
wireless device may be achieved). |

If positioning information from less than a sufficient number of fixed position wireless

devices of known geographic location is received by the first mobile wireless device (e.g., such

as when less than the sufficient number of fixed position wireless devices are in the

30 communication range of the first mobile wireless device), then in operation 104, the first

mobile wireless device then transmits an additional request for responses/replies from other

mobile wireless devices in the communication range of the first mobile wireless device. In one

" aspect of the present invention, at least a portion of the transmitted requests may be coded

{such’as in the form of a key sequence request). Responses to the request are then received by
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t ransmquiesed requests nmay be coded (such as in the formof a key sequence
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- fixed, known position wireless devices such as transmitters/base stations 202, 204, 206
collaborate with a requesting wireless device 208 fo allow the requesting device to determine
its location in accordance with an embodiment of the present invention. One feature of ultra-
wideband communication systems is that highly accurate geographical positional information

25 may be discernable from signals received from at least three ulfra-wideband transmitters {e.g.,
202, 204, 206) having known geographical positions. Typically, a device/transceiver (e.g.,
208) having an unknown/undetermined location receives ulira-wideband signals from three
fixed ultra-wideband transmitters, with the signals sent from each transmitter embedding its
time of transmission and the geographical position of each respective transmitter. Using the
30  known position of each fixed transmitter, and measuring the slight timing variations between
received signals, the device with an unknown geographical location can triangulate and
accurately determine its geographical position. Using such triangulation procedures, an ultra-

wideband device can determine its geographical position to within a few centimeters.
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device wi th_an_ unknown geoqgr aphi cal |ocgatjon can triangul ate apd
Location Database 316 of th% de\%ce 00 on an ongoing bas{]s. Active upcﬁugg an?i recorcﬁng

of geo-positional information can occur automatically on a pre-determined time interval, or
queried on command.

For example, in an embodiment of the present invention, the location component 312

25  may receive signals from at least three other wireless devices and then use timing relationships

~ and location information provided in these signals to accurately determine a location for the

wireless device 300. With the exact location of the transceiver unit 300 known, and the

location of the fixed transmitters known, the location component 312 may be able to precisely

_ determine the distance from the wireless device 300 to the other wireless device. In some

30 embodiments, this distance information, in turn, may be provided to the transmit component

302 so that it can be used to help more accurately adjust the level of power the transmit
component uses to fransmit the subsequent signals.

FIG. 4 is a schematic diagram of an ultra wideband geo-positional model 400 where

multiple mobile devices collaborate with a requesting device fo allow the requesting device to




accurately determne its geographical position. Using Su&‘fhr}eriO%EQUI ation
procedures, an ultra- w deband device can determ ne its geographi cal
position to within a few centineters. 9 June 2005 WD 02/49379
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transmissions at the lowest possible power level, the key-sequence will only reach the smallest

transmission range and potentially the smallest number of nearby ultra wideband devices that
might respond to the key sequence request for information. The awaited responses are received
in a pre-identified communications channel or set of such channels. If device A is in range of
25  three towers (see decision 506), then it triangulates its own position in operation 508 based on
the responses and time stamps, and stores this information in its timing and location database

316 via its timing and location database controlier 314.
The timing and location database 316 of the responding ultra wideband device contains
a position value and a time stamp that specifies the time that position value was obtained. In
30 one implementation, the responding device may delay response to the requesting ultra
| wideband device until after the responding ulira wideband device has updated its own most
recent geogtaphic position. However, in a preferred implementation, the decision to use the
position reported by the responding device lies with the requesting device. The requesting

device makes this determination based on the time stamp and other information provided by
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pot entdialuid fig §§lﬁéd f opuiiags 504, sUBaB0S). Bldcs ahenbate edticndBaviecsactt hat

m ght Trespond tg ey sequence request for information. The awaited
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| ocat] t?arrllsggttmagbf lgeg-sequence at the lowest possible power level per operation 510. In operation
602, replies are processed and tested for data quality and quantity criteria (preferably utilizing
the timing and location database and controller 316, 314). In one aspect, each responding
95  device may be identified by its unique ID number. Additionally, the range of IDs for base
stations may not overlap those of mobile devices. If there are no replies, or if the replies
contain data of low accuracy, device A keeps on polling for respondents. If polling the
preprogrammed number of times fails to generate any replies, the requesting device may then
ramp up the transmit power. In operation 604, a ranging dialogue is performed to determine
30  the requesting wireless device’s distance from other replying wireless devices in order to
permit the estimation of the requesting wireless device’s position in operation 606 based on the
determined distances weighted by their freshness using a triangulation method. In an
embodiment of the present invention, a time stamp for the estimated position/location may be

generated, and then the estimated position/location and the associated time stamp may be
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cesse or data quality and quantity criteria
pr ef er abl With refeientang the YES path of decision 702, if a device proximate to the requesting

t
r
(
device (i.c., device A) receives the request transmitted by device A and has acquired
information concerning its own geographic position/location, then such a device may transmit
a response to the device A (the responding mobile device will be referred to hereaficr as device
25  B). Device “B” may encode several pieces of information into its reply including, for example:
(1) the freshness of its position information (i.e., how recently the position information was
obtained and/or updated); (2) a time of receipt that the query from device A was received by
device B; and (3) a time of reply that a reply to the to the query was transmitted from device B
to device A. Upon receiving the reply, device A can decode the reply in order to obtain the

30  encoded information in operation 710.
With continuing reference to FIG. 7, the information obtained from each reply to the
request by device A can be tested to determine how much emphasis should put on the
information provided in the response of the particular device B. In decision 712, the

information from a device B may be tested to determine whether the position information of
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: expenenced by device B will be a multlple of the signal’s propagation delay. In such cases, the

response by “B” may be degraded by simultaneous occurring multi-path reflections from the
original query. In such cluttered environments, where reflection of the query may refurn to
“A” at the same time as the reply from “B”, it becomes necessary to re-query “B” and nofify it
25  of the multi-path duration. Once “B” receives this information it can resubmit its reply so it
will not be degraded by multi-path. On the other hand, if “A” calculates device B to be very
far away, then the possibility increases that the reception is not direct line, and significant error
is highly probable.
Once three or more devices have replied, then an estimated position can be obtained
30 per 606. If more than three devices reply to the query, a determination can be made based on
the information provided by the responding devices as to the quality of the estimated distances,
Any devices over the required three can be graded and then added to the estimate weighted by
a quality factor calculated from the time of last update, chance of multi-path interference,
replier overload, and distance degradation.




Wth reference to the YES path of decision 702, if a dev&g&{epzzo%i mate to
the requesting device (i.e., device A) receives the reques ransmtted by
~device A and has acquired information concerning its own geographic
positian/location, then such a device nmay transmt e to the

devi ce ‘XOPP??&"% espondi ng nobile device will be ref er&jﬁg&ﬁ%r eafter as
device 25 B). Device "B'" nmay encode several pieces of information into its
reply including, for exanple: (1)-lthe freshness of its position

i nf or mat i o Ydt afother aopect efttherpresent ineertios, the obtained wforaptiawrelating todthe ai ned

and/ or_updated); (2).a ti of receipt that the query from.devi A was
recei \ﬂé%anﬁ?%e 8\"%&@ st @ﬂ@?e(‘g)r‘?iﬁqstcﬁﬁjge (?F‘?%éeppgfﬁ?lhgfﬂ%’ rreg)ﬁﬁél}g 6) e to the
query Nfbdie brisdTHEVARS nial afRIERY GafouBted! BstaRY ibetvebn tHopfn meleiwiralgst he reply,
device A can decode the'reply in order to obtain the 30 encoded

i nf or rdevicoand the ppaioatof ge wronding ethercpehileriraless defiessoh ERSEESSIBRE™Sy t he

I nformati . I ned fromeach reply to the request by device A can be
tesst?ec?nflgg%le@gfr-aﬁoﬁe how much enphasi s should put on the information
provi ded i BIG.Ieisrefipodse offa groesspfer perforining dewping dddogup toldetpmiimna712, t he

informati on froma.devjce B be tested t.o.determ ne : t.he position
i nf or FEAYCEIESYLT S?]@ﬁ’(lé”?@é)@“%@%?ﬁﬁ’é@? CF THEEHS oﬁlg&gé&gﬁeo\f il{lge Bis
stal e Jhor@mee WP aPbHbRAREL0 bf 8 prefat inb@fion UPIR Betoweihe tialoghe thal mest| y, i f
device B has not updated its information_in a long tine gor exanple, in a

pr ef ergoent iarmisdiforaisvice Aotegistermima ifs pasiart Witk yespech e feyicq - ol PWEYi ce B nay
h IJagu SL.an f i Ao ¢} A 1S lond=0k mat i on
dgj\clogdeggﬁ’f ‘ﬁeﬁgt‘%}é&?gegs lf)lgl%fs]{ehaﬁ%yg{)demtwgs teﬂéé t{:'!(c),gﬁ&%é eb? @Feéq&ﬁlg t%rébe?éﬁgﬁedjél ay taken
by deesd aRyukefy ané S0tk wf te@eii?dga ren%q?eﬁoni ‘B abfhietime ﬁs;:hd@mba&ﬁ‘%aﬁ
threshold (e.g., in a preferre odi nent, greater than 50 _nsec). For
exanpl (et “Dis ’gvﬁ@éﬁ%}e igchKiRs the r‘?“ﬁg'ﬁféﬂ .u’gﬁﬁﬂ‘ﬁ?he&fm? it B°% fgr 8r3¢Es the
query b @Sﬁfﬂ) Be c{g@%’e{% 'élﬁ:@%&ﬁt@al AP LOGERS (R¥ice Bl iBikely €6 tuSy & thBsimbe

d pron ot I I

over | oaded an read conflicts that will induce timng errors.
I n suche quecasacceived) (3inds'the oseiblptpr on fldviesah Mk have wdergenstsemgdirifsiicte A nay

require. After 10 performn e tests i.n decisions. 7 Eﬂ]ﬁl a
su edﬁ%ﬁt%@W%ﬂﬁ%W%ﬁﬁé%@W%lﬁg }S\angsgmfage ?/\fk%l}étﬁle%&o e Teplies of
three 9p. more devices (i.e., three or nore device B s) have been received

by device Ain decision 716. If three or nore device B's haye replied and
at |east QOucedevide B mscivepihp qucrpas spasioni0ds devised markes fhq Jed@ldi®hons 712

d 714 t he YE f kS| . - di al t
ot or e o piolie Xa8 BRY tind et BRbREE PRodiine Hifle Bl mlGTL oG © 08 L0
per t hgocéksed at?th@tiﬁfa it?‘aﬁivsﬂ lma quér ﬁaﬁﬁdt ];mpelrl]caigh time@0tespadd rwhé\r: satry (seef ]E he
i nf tion of are ail.s,either ,of the st S (Seect» S 0
et s <pens 305 gad S08)) Whendovieed ey cxtegions SR ahGs 2 Rat MeIML® s have
past the LRGkis hdeReRESRPERIA «Q7 (4B DEsE?S!ehil Ws time scaling factor in

operation 810.
In operation 812, device A receives the reply, stops the round trip timer, and calculates

the round-trip time “A,,” (or “DtrsA”). Device A then encodes this value into a message to be
25 - sent to device B at its next “time beacon” matk in operation 814, A time beacon mark occurs
at the end of a specified time period that starts with the sending of the original query. The time
beacon period may either be a preprogrammed constant for both devices A and B, or its value

may be transmitted by devices A to B in the initial query.
In operation 816, device B receives the message and decodes the round trip time.
30 Device B then calculates the time difference between the original query and the reply at the
“time beacon” mark to calculate the true beacon period (“DibB”) (see operation 816). In
operation 818, device B then uses the ratio of the beacon period prepro grammed in device A to
the true beacon period as calculated by device B as a multiphier (i.e., the “scaling factor™) io

correct the round trip time as calculated by device A. Once the actual time is obtained, the




sequence for other devices is initiated. There are sever gly,zd 5§t ances
where di stance cal cul ati on based on nearby devices 20 may be prone to
certain types of error. For sone respondi ng devices the processing del ay
experi G948y, device B will be a multiple of the Siﬂ@ﬁhl@m nopagation
delay. I'n such cases, the response by "B" nmay be degrade y sinul taneous
occurring multi-path reflections fromthe original query. In such
cluttered environments, where refleétion of the querg@na& return to "A" at
af

the samesiversond deayt ineurreddivydevice B cap'be sibiragled onkcte abtaie akrgudelriguery " B"
and nat ify i of\ _I: iz | ON. < B recal IS

i nfor r%{’}? %%dnlhtt%g%nb#elgeﬁgn@%n %e%l g%gﬁ\gﬂyﬁlggh%}’ ﬁ%ﬁlﬁssﬁgtnﬂéee eéérﬁgl Eae by

mul t i -distiree tdQievidee ot dperatibmB2)). Infopértior 822 upat reseigiedavice By ukesthisery  f ar

away, then the possipility.i eases that the reception is not direct line,

and jsi%&@?@&W@ﬁ#ﬁomggﬂqeﬁf%WS%ﬁs@ Once three or nore devices have

repjied, tRes Bl aRiecARE T pRRS4IHAIME@ReRRnaR h dlqieting el debiddper! f noOre

than three devices reply to thewi%gery, a determ'nation can be nade based on
¢re

t he i riperatien B2nofFiGy 8de dcdeydan eipombndigeny of theensessn! inventiole 48&%I ty of the

esti . O n V| 0 [ me » graded and
Chen S 15 3raRls taa solfth SERoEN BhoekBF ol Tk R A AR e o
t he tioperatibn PR} demjataeresetshiin clecloyaie kbintgah fopemtier P4, e Megice A éphi er

overl oad, and distance degradatjon. 9 Ju 2005 . 2/.49379. PCT/ USO1/ 48648
P eier e bR at gud Brgeis e Piymmei Ior Agma #biT DTS BH eF LA

| NPT Ndkdbae (de8 bpdrhita J0g). t he distance between the first nobile wireless
device and the portion of the responding other nobile wreless devices may

i ncl ude a Eabideswwdatingdissloeation dseicoderantise these Raramelprs|te TG RAEIES Sdevi ce and
the pojtio r ondi ng: ot hi j it el i ansmi ssi on
e, ek She betSer GARPAGAPOLEE, Rkl £pbf of B8 AR SRorulch 21

per f-or(sichgs thetangiisspnotingd o yealing fdtr)anay eautidized to gpdes¢ amigtemal dbdksd devi ce' s

di stance_from .ot her. repl.yi i rel ess . devices per .operation 604 in
accor dah st Hebl ‘ﬁﬁelﬁﬁlgﬂg‘?r&%tc\{\%?r c{eﬁ?@’ st 39 Q}BW{SB °T IQPﬁatmgAgghows t he
di g o%ﬁﬂcﬁ@ﬁngwgceipg@m%msjn@ﬂgfggéwiﬁgéqlﬁﬁ(yﬂ;ce A to determne its position

with réspect to device B. In operation 10 802, device A starts a timer that
i s used toReeapttlimpe cl ock ticks between the tine device A sends a query

and the ti "AL T [ 1B T@jm% lfiBgqls denoted as
"A (OrT@ﬁx}]gﬁofﬁﬁ?éfgevfcle%ﬁ&%@ﬁc&éé@e@@h&&h@&n tl’rl Sl g’?\al time plus the
tine it talgries aanadsicenBresételock sydnebuhiar)f he query (a substantial del ay

given that device Bis likely to be busy at the tinme the query is
received). Since the oscillator on device A may have undergone sone drift

SI 1€ where:

r,

(time required to process transmission and reset clock cycle counter) =
({cycles required to process transmission and reset the clock cycle
countery*(scaling factor)
25
Device “A” then stores the calculated Receipt Time in operation 910. Subsequent time
calculations by device A are then based on the following equation:
True Current Time =
(value of clock cycle counter)*(scaling factor) +
30 (Receipt Time) + _
| {(number of cycles to calculate and process (fransmit, store, etc.) True Current

Time)




15 the last tinme device A's position was determ ned, A, ’f‘]ﬂr&ﬁ)ﬂ y an
estimate of the true round trip tine. Once device B receives the query in
operation 804, device B marks the receipt time, starts the receive-send
delay tiper and continues processing those threads tha bei ng
process‘g‘a"%{’f”?he time it received the query until i @%S\ggﬁgﬁgh tinme to
respond to the query (see 20 operations 806 and 808). \Wen device B is
ready to respond to the query, "B"!3tops the ti mer and cal cul ates the
recei ve- sehomgéitumer ehrirdnnients, it Bt feasidly thatrddzans of ultyrevidehand deyiceaseppe i n

operati.on 810..]n operati 12.. devi ce ' r ps the
round vg.?ufﬂph'afniswg)lr?cegﬁ J*E] |o£ leeg?ceagon- © %egﬁno@ﬁl é-g'?vr? (?eé%?dl (?rée}ﬁp'A;gﬁaM%é}tht rsA").
Devi CQesPorisbe froRN 0 BEIhéshi devicad tem i culllided adsmage td e hmintdbgiblentv the device B
at its next "time beacon" ‘hé in oglgeration ?14. .tinme beacan nark occurs
at t haewRyngevicss facnmspegt of e pisent BHeciRR® St Of igrr O REC ST of the
orisgi nal H};{:%Mded-r clt b¥RiesiPRAGH ReddEd blikidRYwiRh lh Shditign uRfaopiaegha med
constantyf r both devices A and B, or its value nmy be transmtted by
devi calsvife tequdstsi geotphsitional irfermatiorefrom nmutipdp aeasy Bitragidebagrbdevicss B f ecei ves

t he rrenﬁég\g?e and deches the round trip tine. 30 Device B then cal cul ates
the ti G FEPERTE bet ween the ori ginal query and the reply -at the "tine
beacon” mampléMertaioasibfdollision@vbidanes Shenemayemplsy the Pilowing: (see operation
816). In operation 818, deyice thep uses the ratio of ihe beacon period
preprogramed i Fedspiificatian op SGVPWE"“P{;’B@ qeAR Bﬁ?ﬂﬂ%lF ?‘bhe B?dcfé’i TEfEted by
?fl:ﬂpcﬁ'? orikes i %éd—lmsiu%ﬁal(ldey %ﬂeﬁcgg\n& £613h bigof B6deVhanneks % edeRMmicd@E t he round

as cal Cul'ated by device A Once the actual time is obtained, the
9 Junele@eO5Thiywdoes »934es POTlivSety the pawibility tha mwlipleresonsss dehgkey ncurred by

device B can be subtract.ed .out [h the actual round trip propagation
tinme. Sfﬂ%\??cfée‘ﬁeit%ﬁggﬁeﬁéggﬁﬁghesst%rgfj fa%ldﬁ%l’act or, transm ssion tinme and
~cal cul at ed2, di s$epesition efniltiple Aoicidap exspdnsasrusBiz Gulst positrarmedutatio822, upon

recei pt, device A may use_this inf,ormatdon transmtted fromdewvice B for

time depictaed srdulgtion schems) may jead fogtigaawe Qﬂls_e diapeie aidhg gperyqr £ ‘Correction
:MnI[Sﬁ rh%ﬁ&éﬁ%gﬁdﬁ{%%ﬁsﬁ% &‘?ﬁlﬁ:gqxgéé" {eforP Rle reIP.TAL tepordig défzifc&' ?ﬁe@ airfpi@ccor dance

an'e esent I nvention. As set orth in FIG 9, shows
t hat askmudsdzesen dwicthe Aequesiag ewict (W 10 Sansseidseandinsfondhe emizreeed. (see
oper at i,on 90 devi ce neset s, | cl : . ( ' ation 904.
Devi c h/g\la(c 8ﬁgp@8@gacg@oﬁgggﬁn}eg§%%ﬁ ?gir%(ﬂl%%r?g)ﬁg% e;%%#’@;ﬁ?{%ﬁh%gﬁ%ﬁ%? rs for
St or agRvicdt tol fetrbhdiiin ghetNtbspodeat ushiy othér detiddtified (mudiiple meccat ichann@l§6) .
Besi des .updating jts_|ocation, deyice 'f‘A‘ %an uset t hese Pg’r ?hrTFt er sdto
resyn@pﬁig}qfl skor jpositional response mformation. To decrease the probabill at secon

20  responses from multiple devices will interfere with each other, these multiple access channels

can be chosen at random and/or the transmission can be postponed by random delays. These
random factors can be obtained by using a random number generator where the seed is based
on an individual device’s uniqué identification code. The individual device’s ID codes can
also be used directly to institute a lag that is unique to each device; and _

25 3. The geo-positional key sequence may be generated at the lowest possible power
level, and the power level is increased only after between 3 and 10 polling sequences have been
transmitted with no response, The power ramping and polling sequence proceeds until the first
response is obtained or until the assigned maximum power level has been reached. The power
level is increased gradually such that the potential number of new respondents is kept low

30  while insuring the minimum number or respondents, three, is achieved as rapidly as possible.
After maximum power is reached with no response, the ultra wideband device will then switch
channels and start the polling and power ramping sequence again at the lowest power setting.

Embodiments may also include a repetitive polling sequence that helps to assure that 2

potential respondent will be able to receive the request. Since the requesting device expect a




clock. In one aspect of the present invention, at |east gjp@rigopgn of the
obtained information (such as the transm ssion tinme and scaling factor)
may be utilized to update an internal clock of the first nobile wreless
devi ce. whhyasds@ser detail, this may be acconplished %T’%EES%H on 908 15 by
calculating a Receipt Tinme using the foll ow ng equation: Recelpt Tine =
(transm ssion tine of device B + di atance /| speed of light) + (tine

required t cess transm ssiqQn zﬁea reset clock cycle counter), 20 where:
(11 me R aFmelyidgets SoEuthe Feapiing deanessil s atesing eIl 6 or)
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calxul at e diditjpnalbye embodimans miay ,previde & meetscto) sifinkrme@styr ymehronizentky 9 June
2005 WD 02/49379 PCI/ US01/ 48648 .-13- 1n | t.i -user environpents, it is
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t he geo-positional key sequence and assign one of these channels to each

nobi | efunglienslitieunden p svides gatsbsofisirevrariances ey kecoms a fitwre foqairpent phY¢Et y t hat
mul ti Wg@liﬁﬁ?%&%ﬁ"&t&n@mﬁ'a?thgi?yem?’eﬂb‘lﬁ:'}?e request will be received in the
nnel;

same C
15 FIG. 10 illustrates a representative hardware environment 1000 by which embodiments

of the present invention may be carried out is depicted in FIG. 10. In the present description,
the various sub-components of each of the components may also be considered components of
the system. For example, particular sofiware modules executed on any component of the
system may also be considered components of the system. The hardware configuration 1000

20  illustrated in FIG. 10 includes a central processing unit 1002, such as a microprocessor, and a
number of other units interconnected via a system bus 1004.

The hardware configuration 1000 shown in FIG. 10 includes a Random Access
Memory (RAM) 1006, Read Only Memory (ROM) 1008, an I/O adapter 1010 for conngcting
peripheral devices such as disk storage units 1012 to the bus 1004, a user interface adapter

25 1014 for connecting a keyboard 1016, a mouse 1018, a speaker 1020, a microphone 1022,
and/or other user interface devices such as a touch screen (not shown) to the bus 1004,
communication adapter 1024 for connecting the hardware configuration to a communication
network 1026 (e.g., a data processing network) and a display adapter 1028 for connecting the
bus 1004 to a display device 1030.

30 " An embodiment of the present invention may be written using JAVA, C, and the C++
language and utilize object oriented programming methodology. Object oriented programming
(OOP) has become increasingly used to develop complex applications. As OOP moves toward
the mainsitream of sofiware design and develoﬁment, various software solutions require

adaptation to make use of the benefits of OOP. ‘A need exists for these principles of OOP to be




2. Superposition of nultiple coincident responses using @Nn%e}loggsi tion
nodul ation (a preferred nodul ati on schene) may | ead to disallowed pul se
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OOP allows the programmer to create an object that is a part of another object. For

example, the object representing a piston engine is said to have a composition-relationship with

the object representing a piston. In reality, a piston engine comprises a piston, valves and

many other components; the fact that a piston is an element of a piston engine can be logically
25 - and semantically represented in OOP by two objects.

OOP also allows creation of an object that “depends from” another object. If there are
two objects, one representing a piston engine and the other representing a piston engine
wherein the piston is made of ceramic, then the relationship between the two objects is not that
of composition. A ceramic piston engine does not make up a piston engine. Rather it is

30  merely one kind of piston engine that has one more limitation than the piston engine; its piston
is made of ceramic. In this case, the object representing the ceramic piston engine is called a
derived object, and it inherits all of the aspects of the object representing the piston engine and
adds further limitation or detail to it. The object representing the ceramic piston engine




10 extends the capacity for acquisition of geo-positionab jyn ffgzati on

t hroughout a nmulti-user ultra w deband environnment. Aspects of the present
invention may al so help to reduce the probability of collisions in

mul ti - ugRlozRiivd ronments. The ability to extend geo- ppshdiQRghs
functionality under a wider variety of circunstances fmay becone a future
requi rement of FCC regqul ati ons under extension of their "e911" policy. 15
FIG 10 illustrates a representati \‘/]é'har dwar e_envi ronnent 1000 by which
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the conponents may al so be consi dered conponents of the system For

exanpl e, paW¥hencthé abjestodrt eless aepresduiiresthe cepuie pision eapipe darepnahof ke t he

system na so.be consi dered components .of . st The. har dwar e

cont & oRPas S P e P R e & it e bRl Serteebah o Br ocessi ng
unis I1hdard Piktdh dEnel M(Ed SIROH 6:HEe0dlass. aHBwaver, thETERAmi0 fpis@in ¥ pink Bbjb&

i nterconnected via a system bus 1004. The hardware configuration 1000 shown
in FI @venisles Hiepq, gragmis sRemfe Mompe cduractyristies. ywinghnjie typiosly @EgEcAP Menory
(ROM " . : i [Wolalcodr-VH i8S such as
i sk SR ettt v FRBN Hiett o Y o 0 R S R B S e L0140

f or cdnrermingistank eDiffseentikin@sl 6f pistomengines 1@ tBdiffaregipemkesteridtipg,thut anapi cr ophone
1022, , and/or ot her. us i.nt erface devices such as a.touch.screen (not

s howny bt herfam aderigth Tincli G A ik f g BO TORY Pioh GbMAGRERNG ¢ he
hargdwakgtien sdqhgides ubeibation, @c.f: OTHWEYesadatiobf theRtfiledtisns 2By pRsidh engitedat a
processi ng network) and a display adapter 1028 for connecting the bus 1004
to a dbisshapregsanme wegdgall thy sape duasHems with thersarp aaes Saheach ipenfi on may be
witt L i AsT-NE . A9 Htohd Telo]! Qrient ed
progr n’?%&?lsﬁgrl}ft]ﬁg@gﬁ%g@lﬁ%? ect ﬁglﬁi ler?f?égiglfﬁgrggﬂgsr anmm né)klé ?whﬁgsamgecone

i ncr easimeg| Thivabdlity tohide oot troptphentatmppbi  ftnctiorsbehisl tDORmMoONas: sowar d  t he

mai nst r f sof.tware, design devel a nt, vari.ous software sol utions
r equi rcgﬁgd;ﬁfiﬁ?oﬂ That t%&%ﬁﬁgﬁ%ﬁwlﬂ]@mﬂ%flﬁ@yﬁm . A need exists for
thgse prineyigl ehe OfonsdE toF BGnfbsitidnecl@daship, ehdIgdkidA,O iltfefitabls) 1nd 8648 - 15-

applied to a nessagi ng interface of an el ectronic nessagi n%qcsystem such
C

t hat dobmorpifisnpen objgehexnaspraseat sl debkapyding Mdheresk worldhg It fackiong8e can be
provi I : I %@rﬂBH t ;e J obj ect s,
i ncl ug:c?%aal geﬂsttﬁgg)g'&%ﬁg Hg%é%ggﬁgqﬁgb%g%tb em‘% gf?sl.&g‘%i ng F%%&ét)r}g? em and
const ragcdmaxpjdctsan pbjedroainntedsviiviaiee Somie $ypical ategofitsene & fpllosksage t hat cont ai ns
both data and a_collection of related structures and,procedyres. Since it
contains bd8th dgﬁﬁ"t%l?f"éfrﬁi’r?:g&!ﬁlp@ﬁ‘? ﬂbJB?tS’ﬂ%@é?ﬁ?@gblgﬁafﬁ%ﬁ%ﬂﬂ‘i”es, it can be

vigual i zed as  gmylation, electrical components in a circuit-design program, counixies in an

economics model, or aircraft in an air-traffic-control system.
. Objects can represent elements of the computer-user environment such as

windows, menus or graphics objects.

. An object can represent an inventory, such as a personnel file or a table of the
25 latitudes and longitudes of cities.
J An object can represent user-defined data types such as time, angles, and

complex numbers, or points on the plane.
With this enormous capability of an object to represent just about ény logically
separable matters, OOP allows the sofiware developer to design and implement a computer
30  program that is a model of some aspects of reality, whether that reality is a physical entity, a
process, a system, or a composition of matter, Since the object can represent anything, the
software developer can create an object which can be used as a component in a larger software

project in the future,




a self-sufficient conponent that does not require other ?Si]glj‘?ti'(%%%l
structures, procedures or data to performits specific task. ,
~therefore, views a conputer programas a collection of |[|argely autononous
conmponents, called objects, each of which is responsible for a specific 10
task. ™HPL¥%3Rcept of packaging data, structures, an‘ﬁc%[?%g‘ggaffres t oget her
I n one conponent or nodule is called encapsul ation. In general, OOP
conponents are reusabl e software md@ul es which present an interface that
confor ns t o @k &thy et OOP defiwae groghincdonsiste ofyroens edstag comperentsmatddir ough a

conponent integration_architecture. A.GO ne I ntegration. architecture
o S B BRI U AP G SSSREE e B R STPUES OISRt es | n
di ff engnje WHARGEHR FBRE Mork Rotdich! | e 86N MG Samé Fdabhd ithveawriof f unct i ons.
This is generally done by assum ng a_ conmpn con%ggent object. mdel on

q

whi ch exisnsgively @stedwsusgblotobiesist the potential dognajiolem wHiqheanCFORIoR f°dt e bet ween
an .0bj.egt nd a et :Eﬂiaér | FISTCA ! I ngl e

[ nsst anl@é’ %ﬁ‘tﬁ? H@%Eaﬁéséggﬁ E%’@fte)ys%a%ﬁ% |‘92((ﬂ:'lt‘{?]t16 eriéifbugltmd?gpﬁc{eszmg oﬁl ass. A

cl ass otfer, phgvinuily boiltobjretsvi ewed as a bl ueprint, from which many 20 objects
can be forped. OOP allows t progra . to,create an object.that is a part
of anot her %E‘ij&’f’s.s "&?.FW.IWH%F é??&ﬁ’é%’éﬁ’ b?%%%@@e‘?]r’f ioﬁ@és?imcia.}egta%% engine is
sai d tsQy RauBLIRks.C OB Ry hbdlole) Aaldstoivhi enfiieriaBineeé likepidsant i ng a
piston. In reality, a piston engine conprises a piston, val vesstﬁnd many

ot her eogingsoing i $hat seldwireds beilarom epistingoppmpenenis, avhichepre ay#ilahleodtivn engi ne

C be, | 0qi 5 ti cal : i bj ect s.
G artsn et B aieong 0T BRI i by BE R bR S p N i P et
| f t heni®easddespeddwd itotgvelbmentone representing a piston engine and the other
representipng a pi,ston engine wherein the pistaon js.made of ceramc, then
the rel at i EREHPIRIEE FREUHS AE hwsjt%éilgv b % P PEFPIES SRR on. A
cer ameGepliiRn, BAGiAReARBAMisHPINE cdipasittinSbRARAP] NWith Watddesntiof is 30
merely one kind of piston engine that Ras one nore limtation than the

pi st orthe R Mugudgesmpiys eammertisl spfivareodevelepesiheve qnpbraagd OQRasbH dhal obj ect

repr e i.ng t ' i ' i ' Lahiect, and it
| oer 2 P eh 8T s b ol ERRU e chact i, BK KB BEL L T e
and  adthscofrisrdidrapplicatidredridagstems-plograininingoprojects. TRer rofj, €¢t appeprsdsbmt i ng t he

Front EBOBLPBE (HelsBEREIHEY (e BREFBEn rhLoerhe 1P A TERGTD betwoon
t hese 1an§9£g%§,tsﬁc1i 2 St CoRRRRITER Gect W [dBOSPimkifear Addahsallyppr esent i ng
the ceram™< piston engine inherits all of the aspects of the abjects
repr e 30 i cappbilities pirs theingeadfiedeto mprej fraditional popdan [Gemper PIPAFEERBE | stics of
220 languages such as Pascal.
The benefits of object classes can be summarized, as follows:
» Objects and their corresponding classes break down complex programming
problems into many smaller, simpler problems.
. Encapsulation enforces data abstraction through the organizatjon of data into
25 small, independent objects that can communicate with each other.
Bncapsulation protects the data in an object from accidental damage, but allows
other objects to inferact with that data by calling the object’s member functions
and structures.
. Subclassing and inheritance make it possible to extend and modify objects
30 through deriving new kinds of objects from the standard classes available in the
system. Thus, new capabilities are created without having to start from scratch.
-« - Polymorphism and multiple inheritance make 1t p.ossible for different

programmers to mix and match characteristics of many different classes and




5 standard piston defined in the piston engine class. Howgugs0dshe ceramc
pi ston engi ne object overrides these ceram c specific thernal
characteristics, which are typically different from those associated with
a met al whishy |t skips over the original and uses f@"ﬁﬁgﬂh fd ons rel ated
to ceramc pistons. Different kinds of piston engines have different
characteristics, but may have the sanme underlying functions associ ated
with it (e.g., how nany pistons in'1§he engi ne, 10 _ignitjon sequences,
| ubrication, et®@®atesppeialized ebjectathatrap stilt wekavithrplated abjscts W pasictadist on engi ne
object, a progrgnmer would call the sane functions with the sane names, but
each type of piston engine nay have differentloverriding inplenentations
of. functi oms be@lasschi¢riwehissand coumtainment hieracladsi grovide 4 flexitlcigeaipdifre farnt

I mpl enentations of .a fupcti .behi the.same nane js called pol ynorphism
and it greatly SPYIFRTT ‘E’f’r&‘g %ﬁ%ﬂdﬁa%lglﬂgswn&é"e%n 15 Wth the concepts
Of scOmpOSi b ON-LflAkd G1&MHle RBEARS Hofth ifany!sftifiohd, By haip! y DI phi sm
an object can represent just about anything“in the real 'world. In fact,
one's | ogical gercdmptations. &Fbr ¢dampleeal ity is the only linmt on determning
~the kinds of thin t.hat can _beconme objects in.objeci-qrjented software.
Some. typ el catUHRFtBS I EIo GRPGyES IR AT e ey o1 ool
obj ects, such agecahb exRMelydnfuling Withdhdoy Goddn@W evéPniidradk af difBes. €l ectri cal
~conponents in a circuit-désign program “countries in an econom cs nodel,
or aircrafe in Eowaff centohfA prograorwrittsn vathsheaid of disss dibtagesaastill epr esent
elements of the co ter-user environment such.as. W ndows, nmenus or
gr@phi cs obj ectrggpogﬁﬁleg%jﬂéeﬁo“&gﬁop%cg ?’eegémm‘sgﬁoqhﬁ@@ﬁ%ﬁﬁ ORYAH s a
personnel file Arhachjad @eddd fidkea pRBculRtiblakde Thapdehmnel kadesecide Citi es.

An obj ect can relll)iresent, user -defined data .tg es such as tine, angles, and
conpl ex nunber sWhigh figetions to @H at what fmanier wic fPIobissHr nous capability of
an object to r ' a L-0ql. ers, OOP

11 ove- ¢ he® sof oS oLt Rl s 8GR pORRRRER I Bl 2T
program t hat i sregselii@kmall pisesel adpeadiprofrafiget putythosshpicdbaogdtain real ity is
a physi cal entité a process,_.a S)(stem or a conposition o{ matter. Since
tHe object can ¥¥Hpeniony. Aoyt PogEmmesT RPN SR Claan create an

obj ect whi ch Cafhrifes i5eftedo 81’0%1‘359%?&3 exaftyPiht &nQShing ShitwWiRESinicRfaP] €Ct 1N
the future. 9 June 2005 WD 02749379 PCTI US01/ 48648 -17- |If 90% of a new
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preexi sting reusabl e ohjects. then on he remai ni.ng 109 new
sof tware proj ec ecisions &idh progiatamier m es-a.{o)ﬁg td way. %ewtablﬂ s&tglé?' l%ceg QF

code end up doing similar things in slightly different ways and do not work as

- 20 well together as they should.

Class libraries are very flexible. As programs grow more complex, more programmers
are forced to reinvent basic solutions to basic problems over and over again, A relatively new
extension of the class library concept is to Ihave a framework of class libraries. This framework
is more complex and consists of significant collections of collaborating classes that capture

25  both the small scale patterns and major mechanisms that implement the common requirements
and design in a specific application domain. They were first developed to free application
programmers from the chores involved in displaying menus, windows, dialog boxes, and other
standard user interface elements for personal computers.

Frameworks also represent a change in the way programmers think about the

30 interaction between the code they write and code written by others. In the early days of
procedural programming, the programmer called libraries provided by the operating system to
perform certain tasks, but basically the program executed down the page from start to finish,

and the programmer was solely responsible for the flow of control. This was appropriate for




to be witten and tested fromscratch. Since 90% al readygglﬁ{gez om an

I nventory of extensively tested reusable objects, the potential domain
fromwhich an error could originate is 5 10% of the program As a result,
OOP enabl es software devel opers to build objects out r, previously
bui It oBPE¥PE™ This process closely resenbl es conpl el;ﬁ@gﬁ%s%gsry bei ng built
out of assenblies and sub-assenblies. OOP technol ogy, therefore, nakes
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9 un%eedotg%e wvr\ilt)teg se/:parga:t)’e yg for %Iér)l(J %;?p /cago%flal‘h%%oncept of an application framework

carries the event loop concept further. Tnstead of dealing with all the nuts and bolts of
constructing basic menus, windows, and dialog boxes and then making these things all work

20 together, programmers using application frameworks start with working application code and
basic user interface elements in place. Subsequently, they build from there by replacing some
of the generic capabilities of the framework with the specific capabilities of the intended
application.

Application frameworks reduce the total amount of code that a programmer has to write

95  from scratch. However, because the framework is really a generic application that displays
windows, supports copy and paste, and so on, the programmer can also relinquish control to a
greater degree than event loop programs permit. The framework code takes care of almost all
event handling aund flow of control, and the programmer’s code is called only when the
framework needs it (e.g., to create or manipulate a proprietary data structure).

30 A programmer writing a framework program not only relinguishes control to the nser
(as is also true for event loop programs), but also relinquishes the detailed flow of control
within the program to the framework. This approach allows the creation of more complex
systems that work together in interesting ways, as opposed to isolated programs, having custom

code, being created over and over again for similar problems.




create specialized objects that can still work with rel abﬁgneoﬁjogcts I n
predi ctable ways. Cass hierarchies and contai nnent hierarchiés provide a
fl exi bl e mechanismfor nodeling real-world objects and the rel ationships
anong them 5 Libraries of reusable classes are useful in nmany situations,
but theYP3&%6™have some linitations. For exanple: oWP&i#," 1n a

conpl ex system the class hierarchies for related classes can becone
extrenely confusing, with many doz&€fis or even hundreds of classes. Fl ow
of contr ol Thus, ps oy eRphingd tlioes, Wifiahetvbk Bdsitaldyf isch asHedtibblofircoggeratingsti || 10

responsi ble for the flow of control (i.e., it t control_the |nteractions
arrong Claes thah anakpivect geueqbgea@eéwnf oBiioR foyet €ivel |qu$?qm BPRAY) . L FCaBY ogr ammer
has t ghgieRl stﬁethht?ﬂﬂoJiw&Hugf&%hév&r ﬁeta%lo fa?&’ﬁeﬂﬁé%ﬁd friddBws)f fid ﬁM%nﬁﬂnb’rb nds of

objects. Duplication of effort. Al class libraries all ow programers

Lo us@seiiby inbuiog o of it Hofpwib beisvior awbereridias ey bYREANEY AES t hose
pi %Cesfram%gr‘g{ﬂ%#ls@%ﬁca}é?g%ﬂ'awhgﬁﬁ}%pﬂ@t%m&m di fferent programmers can use
g Set 0 ass froraries wite

thé sam two prograns that do exactly the

sanme t hi ngTheté aretiosemuintdéffapmlces tetwean fumewdrks ad cladeRbramids: may be quite
di fferent, depending on hundreds_of small decisjons each progranmer nakes

al ong the hay. Pehavipt ety profacal. | Gss ipuresarepssendialiecalleglonh osiHEOs | mi | ar
things in sli g%été'oﬁ:c%{%giﬁﬂ{gnggy%ﬂ%#&%wﬁ% m% Qm} oget her as

t hey should. d as e very progr afhs “gr ow nore
conpl ex, nore piagpvariyendhe ather biwd, pedidep notaintyishavibeisit elss Gleytritossd t 0 basi c

praobl ens over and over .again. A relatively new, .extension of the class
li'brary concept®i¥ pgrﬂggglagg?wghgl{ﬁowﬁysdp W&%gdfalwé’ﬁaﬁnege. 9RbiEeS | 4 rewor k
i's nore conpl exin@féing Qs o hatfa FrbgtiininbCia Rhpposdd 18 Grdvadsvefus ki BbOr at i ng

cl asses that capture 25 both the small scale patterns and maj or nechani sns
that inpl enent HaewosspwYIdesequi rements and design in a specific

appl i catiop dongj r e f | d
programers fr on¢n"11 &%‘;ﬁg ﬁé{of“'rﬁe@e' ﬁﬁ%%\%/fgsdgqﬁ%ﬁgﬁ%p%g%%ﬁd{ r&é‘%ﬁ@@ %8%18%1 di al og
boxes, and ot hegbjectt mddalgihei eienibat mbiehe, ¢f'epessibie fodhstatingamdlcaltonput ers.

Framewor ks al so_repr.esent a chapge in the way progra rs think about the
30 nteraction @W%é-@ﬁ“etsﬁée bofdil:E HWWF@-%HBRE%%? %ﬁ“ﬁoélﬁas lf?ﬁf hers. In

the early days m@faryPriag &6 UaRl £l QAR Y o UHifcROASY 0BBILe CRYibEda | i brari es
provi ded by the operating systemto performcertain tasks, but basically

the program exeuogrenmdoippicallyevnifegeade thehovstrisies andgs alled di the feameworke
progr ammer ves ) o8 RMSkR' e 18 dEnkbiohlly fOBHLAL- Wi 40
program involves dividing responsibilities among the various pieces of sofiware

20 : that are called by the framework rather than specifying how the different pieces ‘
should work together.

. Implementation versus design. With class libraries, programmers reuse only
implementations, whereas with frameworks, they reuse design, A framework
embodies the way a family of related programs or pieces of software work. It

25 represents a generic design solution that can be adapted to a variety of specific
problems in a given domain. For example, a single framework can embody the
way a user interface works, even though two different user interfaces created
with the same framework might solve quite different interface problems.

Thus, through the development of frameworks for solutions fo various problems and

30 programming tasks, significant reductions in the design and development effort for software

can be achieved.

| While various embodiments have been described above, it should be understood that
they have been presented by way of example only, and not limitation. Thus, the breadth and
scope of a preferred embodiment should not be limited by any of the above described




9 June 2005 WO 02/49379 PCT/US01/ 48648 19 printing out gpayenasks,

cal culating a mathematical table, or solving other problenms with a program
that executed in just one way. The devel opnent of graphical user interfaces
began t@otgdfidssd hi s procedural programm ng arr angerrepéTfhgﬁh,g% out. These
interfaces allow the user, rather than program 5 logic, to drive the
program and deci de when certain actions should be perfornmed. Today, nost
personal conputer, software acconpk?khes_this by neans of an event | oop

whi ch cxemple egmbedimentsplin shoukbhadrdined oy én ecerdpncs aithclhe followilgtcldi|s| event s
and c . priate parts of the programer's code according to
actioﬁé&ﬁﬁggﬁ?ﬁgg%ger perfornms. The programrer no | onger determ nes the

- order in which events occur. Instead, a programis divided into separate

pi eces 10 that are called at unpredictable tinmes and in an unpredictable
order. By relinquishing control in this way to users, the devel oper
creates a programthat is nuch easier to use. Neverthel ess, individual

pi eces of the programwitten by the developer still call libraries

provi ded by the operating systemto acconplish certain tasks, and the
programer nust still determne the flow of control within each piece
after it's called by the event | oop. Application code still "sits on 15
top of' the system Even event |oop progranms require progranmers to wite a
| ot of code that should not need to be witten separately for every
application. The concept of an application franework carries the event

| oop concept further. Instead of- dealing with all the nuts and bolts of
constructing basic nenus, w ndows, and dial og boxes and then maki ng these
things all work 20 together, programrers using application frameworks start
wi th working application code and basic user interface elenents in place.
Subsequently, they build fromthere by replacing sone of the generic
capabilities of the framework with the specific capabilities of the
intended application. Application frameworks reduce the total anount of
code that a programmer has to wite 25 from scratch. However, because the
framework is really a generic application that displays w ndows, supports
copy and paste, and so on, the programrer can also relinquish control to a
greater degree than event |oop prograns permt. The framework code takes
care of alnost all event handling and flow of control, and the
programmer's code is called only when the franework needs it (e.g., to
create or manipulate a proprietary data structure). 30 A programrer witing
a framework program not only relinquishes control to the user (as is also
true for event |oop prograns), but also relinquishes the detailed flow of
control - '




within the programto the franmework. This approach allowghe,ffseation of
nore conplex systens that work together in interesting ways, as opposed to
i sol ated prograns, having custom code, being created over and over again
for simlar problens. 9 June 2005 22D 02/ 49379 PCT/ US01/ 48648 -20- Thus, as
i s explained above, a franmework basically is a collection of cooperating

cl asses that nmake up a reusabl e gegig sol ution for a given probl em donain.
It typically includes objects that provide default behavior (e.g., for
menus and W ndois)ethoadrier deteoginimgendacstionpfe witelebydeviephepinptisieg: some of t hat
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you cHetegpinedqeation. sthegin vireiris SEVIFe AU Panav I RRHIS 57 SRy B P ogr am A

f r amepgidss tr@Bmit Pesit@inh@inthakdon PrEiEIeHrdME dedey behavi or but al so the
protocol 10 or set of rules that govern the ways in which behaviors can be

h ..SEL . \Ways
conbi ned, ifinqeitioning ipformeten froyp logm dbanga pifEeiend ivaper of wighess sevicssPipr ovi de
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2. The method of claim 1, further comprising storing the estimated location in a

memory of the first wireless device.

3. The method of claim 1, further comprising determining the location of the first
wireless device from information obtained from the wireless devices having known locations
utilizing if positioning information is received from the sufficient number of wireless devices

having known locations.

4, The method of claim 1, wherein the sufficient number of wireless devices

having known locations comprises at least three wireless devices having known locations.

5. The method of claim 1, wherein at least a portion of the transmitted requests are

coded. L




Thus, through the devel opnent of frameworks for sol utiong s M5 ous

probl ems and 30 programm ng tasks, significant reductions in the design
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devices; and estimating a |location of the first wireless device using the
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comprise impulse radio devices.

11. The method of claim 1, wherein the location of the first wireless device is
estimated using only the information obtained from the at least a portion of the responding
other wireless device if no positioning information is received by the first mobile wireless

device from wireless devices having known locations.

12. A system for determining a.Iocation of a wireless device, comprising:

logic for transmitting an initial request to wireless devices having known locations for
positioning information for determining a location of a first wireless device having an
undetermined location, wherein wireless devices having known locations that receive the initial
request transmit positioning information to the first wireless device;

if positioning information from less than a sufficient number of wireless devices of
known location is received by the first mobile wireless device, logic for transmitting an
additional request for responses from other wireless devices having known locations;

logic for receiving responses to the request from one or more of these other wireless

devices;



wirel ess device frominformation obtained fromthe wrel ggg,dyjsces having
known | ocations wutilizing if positioning information is received fromthe
suf ficient nunber of wrel ess devifes havi ng known | ocations. 4. The
met hod of claim1, wherein the sut4d cient nunber of wirel ess devices
havi ng known | ocati ons conprises at |east three wirel ess devices having
known | ocalogiertsr. commuhieetingtithond least agbaiomof thesstudtice wirelads deeiasitto abtpior t i on  of
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utilizing the obtained informatjon to wupdate an internal clock of the
firstRVF¥EF%%§EEQWPE@?ﬁT6W“ ¥ Y5¥fhod of claim 1, wherein at least a
portion of the wireless devices conprise inpulse radio devices. 11. The
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logic for transmtting an additional request for responses from other

W rel ess d?é/ : Ce”?hehs%‘r\s/tleﬁ%f l%pa?r\rllwb,l \91%%&1'1 Wikast a portion of the transmitted requests

are coded.

7. The system of claim 12, wherein the additional request is re-transmitted

periodically a predetermined number of times.

18. The system of claim 17, wherein the additional request is re-transmitted at a
higher power level if an insufficient number of responses are received in response to the

previous transmission of the additional request.

19, The system of claim 12, wherein the obtained information relating to the
distance between the first wireless device and the at least a portion of these responding other
wireless devices includes a calculated distance between the first wireless device and the at least

© a portion of these responding other wireless devices, and a scaling factor.




| ogic for receiving responses to the request from one or gigseo®fs t hese
other wireless devices; 9 June 2005 -24 logic for comunicating wth at

| east a portion of these other wirgl ess devices to obtain information
relating to the distance between tte first wirel ess device and the at |east
a portion of these other wreless devices; and logic for estimating a
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re- tra@wmﬁtoheﬂrclaeﬂm&hﬁzahﬂgmawmoedahgrm' ned nunber of tinmes. 18. The
system of claim 17, wherein the additional request is re-transmtted at a
hi gher power level if an insufficient nunber of responses are received in

response tg thes REBYLOHIhmARSILERE QBeRinihh @ 18Q64d bODircle@aioRE,. 19. The
system of cl'aim 12, wherein the obtained information relating to the

di st apreeprisieveen the first wirel ess device and the at l.east a portion of
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20. The. s stemof .claim 12, further c rising.logic for utilizing the
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if positioning information from less than a sufficient number of wireless devices of
known location is received by the first mobile wireless device, computer code for transmitting
an additional request for responses from other wireless devices having known locations;
computer code for receiving responses to the request from one or more of these other
wireless devices;
computer code for communicating with at least a portion of these other wireless devices
- to obtain information relating to the distance between the first wireless device and the at least a
portion of these other wireless devices; and
computer code for estimating a location of the first wireless device using the information

obtained from the at least a portion of the other wireless device and the positioning information

received from the less than sufficient number of wireless devices having known locations.

24, The computer program product of claim 23, further comprising computer code

for storing the estimated location in a memory of the first wireless device.

25. The computer program product of claim 23, further comprising computer code

for determining the location of the first wireless device from information obtained from the




conprise inpulse radi o devices. 22. The systemof claim ;%im 5ei n the

| ocation of the first wireless device is estimted using oneiy the
information obtained fromthe at | east a portion of the responding other
wrele g vice if no positioning information is recgj V@% by the first

nmobi | eS&AO @i‘gggs’s device fromw rel ess devices havi ngP 4%6%ati ons. 23. A
conput er program product for determning a |ocation of a wirel ess device,

conprising: conputer code for tran8tting an initial request to wireless
devi ces ha%.ng Reeamputcopagrmnsoduot ofudaimt A3p fiirther donfpoising bomputéroodelet er mi ni ng

a location of .a ficrst wreless, device, having.an updeter.m ned | ocation,
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positioning information from|ess than a sufficient nunber of wreless

devi c s syfficiephsimber efcwirglesn dgvices Baving kW ocelielss i r st nobil e wirel ess devi ce,
conputer code for transmtting an additional request for responses from
ot her wirel ess devices having known | ocations; conputer code for receiving
responses 2@ t Hehercooupetst pogrm woduch pf deine2d fwheteds the sufficient pumbsk ©fs devi ces;

conput er, code .for, co nicating with .at least _a portion.of these other
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t he fikh&in WedtRhess device and the at |east a portion of these other

wi rel ess devices; and conputer code for estimating a |location of the first
W rel ess device using the information obtained fromthe at |east a portion

of the othgy wifigl 855, eHoBauARaIB DAL b3 ARich: bIToRi BRjokR of el ved 1 rom

the less t suffic w rel ess devices having known | ocati ons.
24. Thensotgiuntarstpaegodact pr oduct of claim 23, further conprising conputer
code for storing the estimated location in a nmenory of the first wireless
devi ce. 25. The conputer program product of claim 23, further conprising

cagputer cggle TRodBlteI Pidgam Grodh@ of elgiat 23) Whekinttheadditonil requesilies devi ce
frominformation obtained fromthe 9 June 2005 WO 02/49379 PCT/ US01/ 48648
- 26- Zusmyties peondicallyre psvdsigrainedynahgeef tBwesc| ai m 23, further conprising
conputer code for determning the location of the first wrel ess device
frominformation obtained fromthe wreless devices having known | ocations
utilizing 29. pdRetcommitercprogudm produdt oficleis 2& edereimdhd additionslvequssifif feei ent
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response to the previous transmission of the additional request.

15 30.  The computer program product of claim 23, wherein the obtained information
relating to the distance between the first wireless device and the at least a portion of these
responding other wireless devices includes a calculated distance between the first wireless
device and the at least a portion of these responding other wireless devices, and a scaling

factor.

20 31.  The computer program product of claim 23, further comprising computer code

for utilizing the obtained information to update an internal clock of the first wircless device.

32.  The computer program product of claim 23, wherein at least a portion of the

wireless devices comprise impulse radio devices.

33.  The computer program product of claim 23, wherein the location of the first

25  wireless device is estimated using only the information obtained from the at least a portion of




wi rel ess devices having known | ocations conprises at |eagl,tJympg W reless
devi ces having known |ocations. 27. The conputer program product of claim
- 23, wherein at least a portion of the transmtted requests are coded. 10
28. The er program product of claim 23, wherei i tional
requesfwﬁggr?%§9 transmtted periodically a predeternié%@aﬁﬂﬁgg? of times.
29. The conputer program product of claim28, wherein the additional
request is re- transnmitted at a hidher power level if an insufficient
nunbe theofespoedipg nées varcess deddeviddioi positioring dnformation tis eecpived by uke firshnsmi ssi on
of the additional .reguest..15.30. - The conpufer. program product of claim 23,
| wherePﬁgﬂﬁgugﬁFifﬂgﬁ&?HF%¢%§ﬁ??ﬁ?ﬁ9§9Q§?F%§1#8mpﬁ% di stance between the -
first wireless device and the at |least a portion of these responding other
wirel ess devices includes a cal cul ated di stance between the first wrel ess
device and the at least a portion of these responding other wreless
devices, and a scaling factor. 20 31. The conputer program product of
claim 23, further conprising conmputer code for utilizing the obtained
information to update an internal clock of the first wirel ess device. 32.
The conput er program product of claim23, wherein at |east a portion of the
W rel ess devices conprise inpulse radi o devices. 33. The conputer program
product of claim 23, wherein the location of the first 25 w reless device
is estimated using only the information obtained fromthe at |east a
portion of 9 June 2005 WD 02/49379 PCT/ USOL/ 48648 -27- the responding
other wireless device if no positioning information is received by the
first nobile wireless device fromw rel ess devices having known | ocations.






